Background and purpose: In the area of water quality issues, much attention has been paid to water corrosivity and scaling potential since the water tendency to each of them can impose huge financial losses and many health problems. Materials and Methods: In this descriptive cross-sectional study, 38 water samples were collected from 19 sampling sites including wells and aqueducts of Sarayan, Iran, in spring and autumn seasons of 2015, and analyzed for total dissolved solids (TDS), calcium hardness, total alkalinity, water temperature, pH, Langelier Saturation Index (LSI), Ryznar Stability Index (RSI), Aggressive Index (AI), and Puckorius Index (PI). The results were analyzed by Excel and water stability analyzer Software and were compared with standard limits. Results: It was found that TDS, temperature, pH, alkalinity, and hardness of water were lower than the maximum allowed limits, but calcium hardness was also lower than the optimum value for drinking water. The average value of LSI, RSI, AI, and PI in spring was 0.437±0.264, 7.25±0.368, 12.33±0.273, and 7.37±0.432, while the average values of these indices in autumn were 0. 501±0.229, 7.231±0.359, 12.55±0.225, and 7.33±0.503, respectively. Conclusion: According to corrosion indices, drinking water of Sarayan County was relative scaling. Considering the negative effects of scale-forming water on pipe diameter, and flow rate and probable economic damages, control measures must be taken to prevent scaling in water resources.
Introduction
The quality and health of drinking water has a vital importance in terms of human health, and economic and aesthetic aspects. Corrosion and scaling are considered as important indictors regarding the chemical quality of drinking water supply sources (1, 2) . The occurrence of corrosion and scaling phenomena, can adversely affect the economy of the treatment industry, and the transmission and distribution of water. The entry of compounds separated from the body of the pipes into drinking water, the occurrence of health problems, and the reduced lifetime of pipes and fittings are some of the other adverse effects of corrosion. Scaling also reduces the flow of pipes and efficiency of valves and fittings (2) . As a result, it can be said that corrosion and scaling problems currently account for a significant percentage of per capita income in different countries (1) . Temperature, alkalinity, pH, ions, in particular, chloride and sulfate, and pipe material are considered as factors that affect corrosion. In low alkaline water, in the presence of residual chlorine concentration of 0.4 mg/l and more, the corrosion rate increases. Corrosion leads to the dissolution of metals from the pipes and fittings into the water, some of which are harmful to human health, such as lead, arsenic, cadmium, copper, and selenium (3) (4) (5) (6) . Apart from health effects, this phenomenon can also have aesthetic effects, such as the appearance of some stains on the surfaces of restrooms and clothes; for example, copper leaves blue-green stains on plumbing fixtures, iron imparts a red color to water, and manganese is generator of black color. Moreover, corrosion causes leakage and loss of water, creates negative pressure, and increases the entry of pollutants into the pipelines by creating cavities in the pipes and distribution system (7) . Corrosion imposes astronomical costs to the water utilities. It is responsible for 10-32% of the total costs of production in utilities. According to a study conducted by the Federal Highway Administration (2002), the direct cost of corrosion in public drinking water in U.S. represented $22 billion. A same trend can be observed in studies conducted in other countries, such as Australia, Great Britain, Japan, and where costs of corrosion was estimated to be approximately 3-4% of the Gross National Product. It is reported that the average unaccounted water in Iran is about 30%. Moreover, it is believed that a significant portion of this water is attributable to leaks due to corrosion (8) . Scaling is another qualitative factor of water. During the scaling process, the bivalent cations react with other dissolved compounds in water and are scaled in the form of a layer in the inner wall of the pipe. This layer that is constituted due to the saturation of dissolved solids in water is called sediment (9, 10) . The main sediments that disrupt the water distribution system include calcium carbonate, magnesium carbonate, calcium sulfate, and magnesium chloride. In addition, these sediments lead to clogging pipes, reduce the inner diameter of the pipe, increase transferring and pumping costs, and cause environmental problems as a result of emission of pollutants (8, 11, 12) . To reduce water corrosion and scaling, as one of the modifying actions, it must be stabilized before entering to water distribution network (13) . One of the indirect methods for the measurement and determination of corrosivity and the tendency of water to Iran J Health Sci 2018; 6(3): 38 precipitate is application of corrosive indices. The assessment of corrosive indices is based on their ability in determining the under-saturation and the over-saturation mode of water in terms of calcium carbonate and the prediction of water capacity in maintaining, generating or dissolving calcium carbonate sediment. These indexes are Langelier Index, Corrosivity Index, and Puckorius Index (14) . The Langelier Index indicates the degree of saturation of calcium carbonate in water, which presents the concept of saturation using pH as the main variable. Ryznar Index expresses the relationship between experimental data with thickness of observed cortex in urban water system to chemistry of water that is based on saturation level. Indices of Langelier and Ryznar express the difference between real pH of water and pH of water saturated with calcium carbonate. Index of Puckorius is based on buffer capacity of water, and shows the maximum rate of required sediment for creating balance in water. So, for this index, balance pH is used more than real pH (15, 16) . Considering the importance of providing safe potable water for human consumption and with respect to the role of corrosion control in maintaining the quality of water and pipes and fittings, this study was conducted to predict the potential of scale formation and corrosivity in the tap water resources of Sarayan using corrosion indices.
Materials and Methods
This descriptive cross-sectional study was conducted in Sarayan County in spring and autumn of 2015. 38 water samples were totally taken through grab sampling from 19 wells and aqueducts in Sarayan in two seasons. To achieve the study goal, the indicators determining water corrosivity and scaling potentials including LSI, RSI, AI, and PI, and factors affecting the physicochemical quality of water including TDS, total hardness, calcium hardness, calcium concentration, sulphate concentration, alkalinity, pH, and temperature were measured in the samples of water taken from different points of Sarayan drinking water resources. All sampling and analytical procedures were conducted according to the standard method for the examination of water and wastewater book (17) . Accordingly, sterile glass bottles were used to collect samples. Prior to sampling, water samples were tested for remained chlorine. In the presence of chlorine in water, before collecting water, bottles containing enough sodium thiosulfate were used to neutralize chlorine of water. pH was then measured in the sampling site using a portable pHmeter. Hardness was determined through complexometric method using standard solution of EDTA, ErioChrome Black T and Murexide. Alkalinity was also measured through titration using HCl. Table 1 provides methods of calculation for corrosiveness indices based on the measured parameters. 
Results
To estimate the corrosive action of Sarayan drinking water, at first, the qualitative parameters of water including temperature, calcium hardness, total hardness, total alkalinity, pH, and TDS were measured. The results related to descriptive analysis of these physico-chemical parameters including minimum, maximum, mean, and standard deviation are displayed in Table 3 . Then, scaling and stability indexes were calculated and expressed in terms of RSI, LSI, PI, and AI in Table 4 . According to the average levels of physico-chemical parameters presented in Table 3 , in both seasons, TDS was not only lower than permitted level of standard but also very close to the optimum value. pH was also in the optimum range, and alkalinity was less than the relevant standard. Calcium hardness was less than the national standard; however, it was also lower than the optimum level of calcium hardness in water. According to the data presented in Table 4 , LSI in all water samples was greater than zero, so water had scaling potential and was not corrosive. Moreover, AI in all of the samples was equal to or greater than 12, so the water was not corrosive. Based on RSI values, 32% and 73.68% of water samples in spring and autumn had, respectively, weak to severe levels of corrosion. PSI value was higher than 6 in all samples that showed corrosive water. 
Discussion
Researches show that, the amount of water loss in some countries, such as Iran is more than 20% of the total produced water. With respect to this fact that Iran suffers from water shortage, continuous monitoring of the physico-chemical quality of water which can lead to long-lasting use of pipes and fittings in the distribution network, and consequently reduced water loss, has a vital importance (7, 16) . According to the measurements of present research, the average value of pH in the drinking water of Sarayan was 8.16 , that is in the acceptable range of Iran (6.5-9.2) and EPA standards (6.5-8.5 ). The average amount of temperature, calcium concentration, sulphate concentration and TDS were 25.7 ᵒ C, 30.13 mg/l, 72.45 mg/l, and 479 mg/l, respectively, all of which less than EPA and national standard levels (12, 19) . The average LSI values were also documented to be 0.437±0.264 and 0.501±0.229 in spring and autumn seasons, respectively, which suggested that the Sarayan water supplies were scaling. In the present research, based on Langelier Index, 100% of water samples were scaling when studied. Similarly, Dehghani et al. (20) showed that 95% of drinking water samples tested in Shiraz had scaling potential. Average values of AI were 12.33±0.273 and 12.55±0.225 in spring and autumn, respectively that indicated the non-corrosive property of
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Sarayan water. In the study performed in Juybar city, based on the aggressive index, drinking water had tendency to scaling as the water samples in summer and autumn were 12.65 and 12.59, respectively (21) . RSI mean levels were also observed to be 7.25±0.368 and 7.231±0.359 in spring and autumn, respectively. Based on half of the samples, water of Sarayan was slightly corrosive. This difference between the results provided by LSI and RSI was due to the high pH level of water samples in the present study. Water has buffer property in pH values higher than 8, and under this condition, there would not be a proper relationship with alkalinity. Hence, Ryznar Index will lose its credit to predict the corrosion status of water in the current study (22) . According to RSI, water tendency to scaling in spring was higher than autumn. With respect to Table 3 , water temperature and calcium content in spring was higher than autumn which is consistent with the results reported in the study of Motesaddi et al. (23) . The average amount of PI was found to be 7.33±0.503 in spring and 7.37±0.432 in autumn which appears to indicate corrosive water, but it should also be considered that Puckorius Index is scaling index and is used when water is high in calcium, but low in alkalinity (22) . While according to data presented in Table 3 , water of Sarayan was low in calcium and high in alkalinity. So, Puckorious Index was not a useful index to calculate water corrosion status in the present research. Similar to the findings of present study, in the study conducted in Manujan city by Ahmadpour et al. (24) , the values of RSI and PSI had different behavior compared to LSI values.
Totally, based on this study, water resources of Sarayan were scaling. Scaling is a process in which divalent cations such as calcium and magnesium react with other soluble elements in water and are deposited in the form of a layer in the inner wall of the pipes (25) . The most common created layer of scale is from calcium carbonate. Scaling can cause problems including blocked pipes, reduced flow and increased pressure drop in the network that will increase operational costs of water facilities (26, 27) .
Conclusion
According to the obtained results, water of wells and aqueducts in Sarayan was relatively scaling. With respect to the pH level of water, Ryznar and Puckorious Indices were not suitable measures to decide about the corrosion status of water. Considering the negative effects of scaleforming water on pipe diameter, flow rate, and probable economic damages, control measures must be taken to prevent scaling in water resources.
